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INTRODUCTION
With rapidly aging societies globally, the medical care of the elderly has become an important social issue. As aging is the strongest risk factor for dementia, the burden of dementia is increasing worldwide, and has major impact on quality of life as well as the economy [1, 2] .
Idiopathic normal pressure hydrocephalus (iNPH) is a neurodegenerative disease of the elderly, marked by triad of symptoms: cognitive impairment, gait disturbance, and urinary disorders; combined with ventriculomegaly [3] . Among the various disorders causing dementia, rigorously diagnosed iNPH is gaining renewed clinical importance because its symptoms can be improved by CSF shunting [4] .
However, iNPH remains difficult to distinguish from other conditions related to aging, which also cause gait disorder, cognitive impairment, and urinary disorder. Ventriculomegaly on cranial computed tomography (CT) and magnetic resonance imaging (MRI) may be misinterpreted as brain atrophy; hence iNPH has often been misdiagnosed as Alzheimer's disease (AD) or other neurodegenerative diseases.
Disproportionately Enlarged Subarachnoid space Hydrocephalus (DESH) has been advocated as an important imaging feature of iNPH, because patients with DESH as well as one or more symptoms of the triad responded to CSF shunting in a multicenter prospective cohort study [5] . Additionally, a multicenter randomized trial showed significantly higher improvement rates after CSF shunting in patients with DESH accompanied by one or more symptoms of the triad [6] . Furthermore, the value of DESH in differentiating iNPH from other neurologic diseases such as brain atrophy and AD has been confirmed by several studies [7, 8] . Hence, DESH appears to be a predictive and diagnostic neuroimaging biomarker of iNPH. However, there are few reports on the prevalence of DESH in the population-based J o u r n a l P r e -p r o o f University Hospital and St Luke's Hospital. A total of 548 elderly individuals were included as 36 cases lacked brain imaging (19 incomplete, 3 claustrophobic, 2 refused, 4 uncooperative, 8 other medical conditions), 2 cases had chronic subdural hemorrhage, and 29 cases were aged under 60 years. Secondly, the Epidemiology of Dementia in Singapore (EDIS) study recruited participants from the Singapore Epidemiology of Eye Disease (SEED) study aged over 60 years who participated in the Singapore Chinese Eye Study (SCES), Singapore Malay Eye Study (SiMES-2), and Singapore Indian Eye Study (SINDI-2) [11] . In this population based study of 957 individuals, 11 cases were excluded: 7 had no brain imaging and 4 cases were aged under 60 years. Hence, 946 elderly individuals were included.
Ethics approval for this study was obtained from National Healthcare Group Domain-Specific Review Board and the Singapore Eye Research Institute. The study was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained, in the preferred language of the participants or their legal representatives, prior to recruitment.
Cognitive assessment
All subjects underwent standard physical, clinical, blood tests, and neuropsychological assessments as well as neuroimaging scans at the National University of Singapore. The detailed study procedures have been described previously [12] . In summary, cognitive assessment, which included the Mini-Mental State Examination [13] and the Montreal Cognitive Assessment [14] were administered to all subjects by trained research psychologists. Diagnosis of cognitive impairment and dementia were made at weekly consensus meetings attended by study clinicians and neuropsychologists, and the clinical features, blood investigations, psychometrics, and neuro-images were reviewed. Diagnosis of dementia was made using DSM-IV [15] . Cognitive impairment no dementia (CIND) was defined as impairment in at least one domain of the neuropsychological test battery using education-adjusted cut-offs of 1.5 standard deviations below established normal means on individual tests. Failure in at least half of the tests in a domain constituted failure in that domain. No cognitive impairment (NCI) was defined as those who were cognitively normal on objective neuropsychological assessment.
Assessments of gait and urinary function
Gait function was evaluated using the item of "Mobility (on level surfaces)" in the Barthel Index score, and urinary function was evaluated using the item of "Bladder" function in the Barthel Index score sequences. In 12 cases from memory clinic-based study and 81 cases from EDIS, who could not undergo MRI, CT was performed using a 256 multi-slice CT from Philips (slice collimation: 30×0.625 mm for CT brain, kVp: 120, mAs: mA modulation with reference mAs of 300) at the National University Hospital of Singapore [17] .
Assessment of DESH
Assessment of ventriculomegaly was performed using the Evans' index, the ratio of the maximum width of frontal horns to the maximum transverse diameter of the inner table in the same section, measured and calculated manually from the axial T1-weighted MRI or axial CT scans. An Evans' index of more than 0.3 was defined as ventriculomegaly [18] . Tightness of subarachnoid spaces in the high convexity/midline surface (high convexity tightness) and dilatation of Sylvian fissure were evaluated in accordance with the previous description of MRI neuroimaging features in iNPH [19] . High convexity tightness combined with Sylvian dilatation accompanied by ventriculomegaly was defined as DESH [5] ( Figure 1 ). These three imaging features of DESH were visually assessed by one trained neurosurgeon (C.A.), blind to clinical data. The assessment was repeated one week after the first assessment, blind to the results of the first assessment and other information. The kappa statistic for multiple assessments showed excellent intra-rater agreement between assessments (κ = 0.92 in the memory clinic-based study and κ = 0.91 in the EDIS study). If the results of the first and the second assessment differed from each other, a third evaluation was performed. All the positive findings were reviewed and confirmed with 3 other researchers (B.G., S.V., and M.N.) experienced in neuroimaging. Scans without any of these three imaging features were defined as normal images. 
Statistical analyses
Statistical analysis was performed using standard statistical software (Statistical Package for Social Science, SPSS V21, SPSS, Inc., USA). For group comparisons, non-parametric Mann-Whitney U test was used for skewed-continuous variables (age); while the Chi-square test was used for categorical variables (gender, cognition, gait, and urinary disorders). A p-value of <0.05 was considered statistically significant.
RESULTS

Demographic data of the two cohorts
Demographic data and clinical features of the two cohorts are shown in Table 1 . The memory clinic-based cohort had a significantly higher mean age (74.2 years) compared to the community-based cohort (70.2 years, p < 0.001). Of the three components of DESH, Sylvian dilatation and ventriculomegaly were significantly more frequent in the memory clinic-based cohort (91% and 21%) than the community-based cohort (77% and 12%). Also, all of the typical symptoms of iNPH were significantly more frequent in the memory clinic-based cohort (cognition 59%, gait 14%, and urinary 16%) compared to the community-based cohort (cognition 38%, gait 3%, and urinary 4%, p < 0.001). 
J o u r n a l P r e -p r o o f
Memory clinic-based study
The 548 subjects in the memory clinic-based cohort had a mean age of 74.2 years, and were 46% male. As shown in the Venn diagram in Figure 2 (a), Sylvian dilatation was observed in 497 subjects (91%) whilst ventriculomegaly was observed in 116 subjects (21%). Most (n = 114, 98%) of the cases with ventriculomegaly also showed Sylvian dilatation. By contrast, high convexity tightness was found in only 6 cases (1.1%), all of which had ventriculomegaly as well as Sylvian dilatation, and thus, were diagnosed with DESH ( Figure 2(a) ). The prevalence of DESH increased with age, from 0.7% (1/144) in those aged 60-69 years, to 1.1% (3/279) in those aged 70-79 years, and 1.6% (2/124) in those aged 80 and over. DESH was increased in those with more severe cognitive impairment with no cases who were cognitively normal, 1 case diagnosed as CIND (n = 219. 0.5%), and 5 with dementia (n = 231. 2.2%).
The associations between symptoms and imaging features are shown in Table 2 . Of the patients with DESH, 50% had the clinical triad of cognitive, gait and urinary symptoms. By contrast, the clinical triad was significantly less common in those with normal images (none, p < 0.001), in those with Sylvian dilatation (7%, p < 0.001), and ventriculomegaly (12%, p = 0.008). Furthermore, gait disturbance was observed in 83% of the patients with DESH, while it was significantly less frequent in those with normal images (2%, p < 0.001), Sylvian dilatation (14%, p < 0.001), and ventriculomegaly (26%, p = 0.002). (b) The proportion of imaging features in the community-based cohort was shown. Sylvian dilatation was observed in 727 subjects (77%), of which 112 subjects also presented with ventriculomegaly and 10 subjects also presented with high convexity tightness.
Ventriculomegaly was observed in 124 subjects (13%), of which 111 subjects also showed Sylvian dilatation and 10 subjects also presented with high convexity tightness. High convexity tightness was found in 12 cases (1%), 9 (1%) of whom had ventriculomegaly as well as Sylvian dilatation, and thus, were diagnosed with disproportionately enlarged subarachnoid space hydrocephalus (DESH). 
EDIS study
The 946 subjects in the community-based cohort had a mean age of 70.2 years, and 48% were male. As shown in the Venn diagram in Figure 2 (b), ventriculomegaly was observed in 124 subjects (13%), Sylvian dilatation in 727 subjects (77%), and high convexity tightness in 12 cases (1%); 9 were diagnosed with DESH (1.0%) (Figure 2(b) ). The prevalence of DESH increased with age, with a Journal Pre-proof J o u r n a l P r e -p r o o f prevalence of 0.6% (3/476) in those aged 60-69, 0.8% (3/373) in those aged 70-79, and 3.1% (3/97) in those aged 80 and over. The prevalence of DESH was significantly increased (p < 0.001) in those with dementia (3/46, 6.5%) compared to the NCI (2/283, 0.7%) and CIND (4/617, 0.6%) groups. There was a significantly higher prevalence of DESH in demented (6.5%) compared to non-demented (6/900, 0.7%) subjects (p < 0.001).
The associations between symptoms and imaging features are shown in Table 3 . The clinical triad was significantly less common in those with normal images (none, p < 0.001) and with Sylvian dilatation (2%, p = 0.034) compared to DESH (11%). Also, gait disturbance was significantly less common in those with normal images (1%, p < 0.001), Sylvian dilatation (4%, p < 0.001), and ventriculomegaly (10%, p = 0.042) compared to DESH (33%). Subjects with high convexity tightness showed similar percentage of symptoms to those with DESH.
DISCUSSION
This is the first report on the prevalence of DESH in Asian countries outside Japan. We report a prevalence of DESH on MRI or CT of 1.1% in a memory clinic-based cohort and 1.0% in a communitybased cohort aged 60 years and over. Additionally, 0.5% of the community-based cohort presented with at least one of the clinical triad. In previously reported Japanese community-based studies, the findings are comparable to the present study with 12 cases (1.5%) of DESH in 790 individuals aged over 61 years in a Japanese community-based population, of these 4 cases (0.5%) presented with cognitive and/or gait symptoms [9] . In the other Japanese study, 11 cases (2.2%) of the community-based population (497 individuals aged over 65 years) had DESH, of whom 3 cases (0.6%) presented with at least one of the clinical triad. [10] . There are other previous reports that use different neuroimaging features; however, as their neuroimaging features share similarities with DESH, these reports provide us useful information.
For example, the prevalence of cases with ventriculomegaly combined with high convexity tightness was reported to be 2.8% [20] and 2.9% in Japanese community dwelling subjects aged over 65 [21] .
The prevalence of DESH increased with age in the present study. Similarly, the prevalence of probable iNPH was reported as 0.12% in Norwegian community dwelling subjects aged over 65, and 0.28% in subjects aged 70 over in the same community [22] . Also, the prevalence of probable iNPH in a Swedish community was reported as 2.1% in subjects aged over 70 and as 5.9% in subjects aged over 80 [23] . The current study supports aging as one of the risk factor of DESH.
We also reported on the prevalence of DESH in subjects with dementia, as 2.2% in the memory clinic-based cohort and as 6.5% in the community-based cohort. These results were similar to previous J o u r n a l P r e -p r o o f studies that reported the prevalence of iNPH in a dementia population as being between 0.4% [24] , to 1.3% [25] , and as high as 4.3% [26] . However, the definition of iNPH was unclear in these other studies.
The proportion of clinical symptoms appeared to be similar between subjects with DESH and subjects with high convexity tightness. In other words, most of the subjects with high convexity tightness also presented with Sylvian dilatation as well as ventriculomegaly. In addition, although both Sylvian dilatation and ventriculomegaly are morphologic features of hydrocephalus, these are also observed in brain atrophy [19] . Thus, the presence of high convexity tightness is suggested to be a highly predictive feature of DESH. Previous reports also suggested the importance of high convexity tightness as the most predictive feature of the three components of DESH, for surgical outcomes in terms of Mini-Mental State Examination score, gait disturbance, and the total scoring [19] . Another study also reported that high convexity tightness combined with ventriculomegaly was a predictor for shunt effectiveness in patients with suspected iNPH [27] . Similarly, it has been reported that volumetry of CSF spaces in the ventricle and supra-Sylvian regions could differentiate iNPH from AD and vascular dementia [28, 29] . The current study confirms that high convexity tightness is a specific and predictive imaging feature of DESH.
Of the clinical triad, gait disturbance appeared to be the mostly associated symptom to DESH as well as high convexity tightness. In support, gait disturbance is reported to be the most common symptom which developed in 94-100% of iNPH cases [18] . Also, high convexity tightness was reported to be strongly associated with gait, in terms of postoperative improvement [19] . It should be noted that other radiological features, such as temporal horn width and periventricular hypodensities, have previously been reported to be associated with symptoms of iNPH [30] . These were not assessed in the present study and hence the association between imaging features and symptoms of iNPH needs further study.
In the current study, Sylvian fissure dilatation was frequently observed. Whilst there is no previous report on the prevalence of Sylvian dilatation in a community or a memory clinic, however, it has been reported that sulcal CSF volumes was significantly increased with age [31] . Moreover, volume reduction was observed in the temporal gyrus with age [31] . As our two studies had participants aged 60 years and over, it would be anticipated that there would be a high prevalence of Sylvian dilatation.
Considering the importance of high convexity tightness as mentioned above, and considering that iNPH is age-related syndrome, the question of whether Sylvian fissure dilatation is necessary as a typical imaging feature of iNPH, i.e. DESH should be a matter of further research. Additionally, the proportion of ventriculomegaly found in this study was within the range those reported by previous studies of 6.5% [9] to 20.7% [22] .
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In the comparison of the two cohorts, the memory clinic-based cohort showed a significantly higher mean age and a significantly higher frequency of the typical iNPH symptoms. Hence the increased frequency of symptoms may be due to age, which may also explain why Sylvian fissure dilatation and ventriculomegaly are observed more frequently in the memory clinic-based cohort as these features are associated with brain atrophy [19] , related to aging, as well as neurodegenerative diseases presenting with cognitive impairment such as AD. On the other hand, the frequency of high convexity tightness and the frequency of DESH imaging feature were not significantly different between the two cohorts, which rejected our initial hypothesis that the prevalence of DESH would be higher in the memory clinic-based cohort. This result suggests that, in individuals with DESH imaging features, some who present with cognitive impairment may be referred to a memory clinic but others may not. Moreover, those who present with gait disturbance and/or urinary symptoms may not be referred to a memory clinic as gait and urinary symptoms of iNPH are difficult to distinguish from aging related locomotive and urinary disorders. Also in the comparison of the two cohorts, the rates of symptoms in DESH cases were statistically similar between the two cohorts.
The present study has some limitations that should be noted. First, the small numbers of DESH cases in relatively large cohorts restrict the power of the study. Second, a cross-sectional design was used hence causation cannot be inferred. It has been reported that 0.4% of the elderly individuals with normal images from a Japanese community study, may develop DESH after 8 years of observation [9] . Thus, further longitudinal studies are required. Third, the initial neuroimaging assessment was performed by a single rater, although all positive cases were confirmed by other experienced raters. Fourth, gait disturbance and urinary disorders were not evaluated using a more comprehensive and focused assessment [32] . Thus, some mild symptoms such as balance disorder or urinary urgency may have been overlooked. Fifth, the Barthel Index, used for the assessment of gait and urinary symptoms, only identifies whether a problem with impairment of bladder control or gait exists, but does not provide information regarding the cause of the impairment. Therefore, for those patients in the study who are symptomatic, it cannot be determined whether the cause of the symptoms is related to the MRI findings.
In 2017, a nationwide hospital-based survey of iNPH in Japan reported [33] that about half of iNPH patients were not treated with CSF shunt even in the leading country for iNPH research. Similar number (54%) was obtained from a survey done in 49 neurosurgical centers in Germany [34] . However, there are other reports of lower rates of identification and treatment. One study using a representative random sample of Medicare beneficiaries who were at least 67 years old reported that 25.1% of patients in whom hydrocephalus was diagnosed underwent a first shunt procedure [35] . Another reported the J o u r n a l P r e -p r o o f incidence of patients with iNPH who were treated with a CSF shunt to be about only two to three operations per 100,000 in Sweden [36] , where in the same geographic area, other reported the prevalence of iNPH as 2.1% in subjects aged over 70 and as 5.9% in subjects aged over 80 from the community [23] .
These studies suggest that the potential number of patients is higher than the number who are referred for assessment and treatment. Here, we have reported the prevalence of DESH in two Singaporean cohorts, none of whom were diagnosed to have iNPH. We have to note that not all cases with DESH have a diagnosis of iNPH, as the reliability and necessity of DESH imaging feature in the diagnosis of iNPH remains a topic of discussion [37] , and also, physicians should start with the symptoms and image-proven ventriculomegaly before referral for appropriate assessment. However, we believe that the results should promote awareness in clinicians, so as to improve diagnosis and management of iNPH. Also, as we have proposed that the imaging feature of high convexity tightness and the clinical symptom of gait disturbance might be specific to DESH, it would be important to consider how to manage patients with the clinical triad but without high convexity tightness, as well as patients with DESH but without gait disturbance. 
